Respiratory viral infections in infants undergoing congenital heart surgery lead to prolonged intubation time, hospital (HLOS) and cardiac intensive care unit length of stay (CICU LOS). The objective of this study was to evaluate the prevalence of respiratory viruses using molecular testing in otherwise healthy infants presenting for low complexity heart surgery, and to evaluate the impact of a positive viral screen and study questionnaire on post-surgical HLOS, CICU LOS, intubation time, respiratory complications, and oxygen therapy at home discharge. Sixty-nine infants (1 month to 1 year) undergoing cardiac surgery from November to May of the years 2012 to 2014 were prospectively enrolled, surveyed and tested. We compared the outcomes of positive molecular testing and positive study questionnaire to test negative subjects. We also evaluated the predictive value of study questionnaire in identification of viruses by molecular testing. Of the 69 enrolled infants, 58 had complete information available for analysis. 17 (30%) infants tested positive by molecular testing for respiratory pathogens. 38 (65%) had a "positive" questionnaire. Among the 20 viruses detected, Human Rhinovirus was the most common 12 (60%). Seven (12%) of the 58 patients developed respiratory symptoms following surgery prompting molecular testing. Four of these tested positive for a respiratory virus post-surgically. Neither positive molecular testing nor a positive questionnaire prior to surgery was associated with greater post-operative HLOS, CICU LOS, intubation time, respiratory complications, or use of oxygen at discharge compared to negative testing. The questionnaire poorly predicted positive molecular testing. Routine screening for respiratory viruses in asymptomatic infants may not be an effective strategy to predict infants at risk of post-operative complications.
Introduction
In the United States, viral respiratory infections are a leading cause of illness and hospitalization in infants [1, 2] . Infectious complications range from upper respiratory tract diseases such as "the common cold", croup and otitis media, to lower respiratory tract infections such as bronchiolitis and pneumonia. Children and especially infants with congenital heart disease are at an increased risk of morbidity from 1 3 respiratory illness following cardiac surgery when compared to matched controls [3] [4] [5] [6] .
Despite limited data, cardiac surgeries in infants are often delayed 4-6 weeks for suspected acute respiratory infection prior to surgery due to symptoms or positive laboratory testing. Recommendation for surgical delay is based on concerns for prolonged hospital length of stay (LOS) and respiratory complications following surgery. However, there is no standard for clinical or laboratory screening tests to be used pre-operatively to evaluate for occult respiratory infections in infants undergoing cardiac surgeries. Peri-operative questioning of families for risk factors prior to surgery has been used, but is not standardized. The introduction of multiplex molecular tests using polymerase chain reaction (PCR) provides a rapid screen for respiratory viruses in asymptomatic children, with results available within a couple of hours [7, 8] . Theoretically, detection of viruses pre-operatively could be used as a tool to decrease the incidence of post-operative complications in infants who are positive, and avoid unnecessary postponements in surgery for those with negative testing. However, there are no data showing the effectiveness of either viral diagnostics or peri-operative questionnaires. In the absence of significant symptoms, the clinical impact of viral respiratory pathogen detection or positive screening for risk factors on post-operative outcomes following cardiac surgery in infants is unknown.
The primary objective of this study was to prospectively estimate the prevalence of respiratory viruses using molecular testing in asymptomatic infants presenting for low complexity heart surgery during the winter season, and to evaluate the impact of positive viral detection on hospital length of stay (HLOS), cardiac intensive care unit length of stay (CICU LOS), intubation time, and respiratory complications following cardiac surgery in infants deemed suitable for cardiac surgery by clinical evaluation. The secondary objective of the study was to evaluate the value of a screening questionnaire as a predictive tool for the presence of viral pathogens, as well as the impact of a positive questionnaire on outcomes listed above.
We hypothesized that post-operative outcomes would be worse in infants testing positive for respiratory pathogens by molecular testing or by our study questionnaire.
Materials and Methods
This was a prospective observational study of infants scheduled to undergo cardiac surgery during respiratory illness seasons (November to May) of years 2012 to 2014. All patients were evaluated in the Same Day Surgery Unit pre-operatively and deemed suitable candidates for general anesthesia and cardiac surgery. All infants were admitted to the CICU post-operatively. Oversight for this study was provided by the Institutional Review Board of the University of Utah and Primary Children's Hospital (PCH). Written informed consent for research was obtained from a parent or caretaker of all enrolled subjects.
PCH is a freestanding tertiary children's hospital located 5000 feet above sea level, with 289-beds that serves as both the community hospital for Salt Lake County, Utah and as a tertiary referral center for five states in the intermountain west (Utah, Idaho, Wyoming, Nevada, and Montana). PCH houses a 16-bed CICU and admits approximately 340 open-heart surgeries annually.
Patient Selection
The eligible cohort consisted of infants (1 month to 1 year) undergoing cardiac surgery, consecutively admitted to our tertiary CICU during typical respiratory illness seasons over 2 years.
Infants were included if they were deemed free of respiratory infection and cleared to undergo cardiac surgery following pre-operative clinical evaluation by existing standard practice. Infants never discharged from the hospital following birth, those with known genetic syndromes excluding Trisomy 21, and those with symptomatic or clinically diagnosed respiratory infections at the time of surgery were excluded. Trisomy 21 was included as it encompasses a frequent patient population that requires surgery in infancy with the majority of cases requiring low complexity cardiac surgery, such as tetralogy of fallot (TOF), atrioventricular canal (AVC), and ventricular septal defect (VSD) repairs.
Study Procedure
Cardiothoracic and cardiology surgery lists were used to identify patients meeting inclusion criteria. Subjects meeting study criteria were recruited during their pre-operative visit on the day prior to or the day of surgery. For included subjects, parents completed an internally developed study questionnaire targeting signs and symptoms of respiratory infection as well as exposures to those who were ill (see Appendix). Nasopharyngeal and oropharyngeal swabs were obtained pre-operatively from each infant on the day of cardiac surgery. The results of the testing (respiratory panel assay and questionnaire) were not shared with the infant's cardiothoracic surgeon or known to the care provider team for clinical decision-making. The samples were de-identified and labeled with infant's study ID only. Samples were transferred to a research laboratory for testing (see below for testing methods). Samples were stored at − 20° centigrade prior to testing. 
Respiratory Testing

Questionnaire
Our study questionnaire consisted of questions specifically targeted to identify infants at risk for acute respiratory infections that may have not been identified by our standard anesthesia pre-operative screening (see Appendix). The study survey queries for detailed information related to signs and symptoms of respiratory illness within 2 weeks of surgery, presence of sick contacts, exposure to second hand smoking, immunization status, Palivizumab and influenza vaccination status, history of prematurity, asthma or reactive airway disease, and pre-operative use of bronchodilators. The questionnaire was distributed to parents after the standard preprocedure history and physical exam were done and patients were felt to be suitable surgical candidates. For the purposes of this study, a "positive" questionnaire was defined as the presence of one or more general or respiratory symptoms within 2 weeks of surgery or a history of exposure to sick contacts during this time period.
Clinical Data Collected
Demographic and clinical information was obtained for each enrolled infant. General demographics included gender, age and weight at surgery, history of prematurity (defined as < 37 weeks gestational age), history of Trisomy 21, or other underlying conditions such as heterotaxy, laryngomalacia, pulmonary hypertension, tracheoesophageal fistula, diaphragmatic hernia, or gastroesophageal reflux disease. Data were abstracted by chart review. Surgical features recorded included: main surgical procedure, presence or absence of single ventricle physiology, cross clamp (CC) and cardiopulmonary bypass (CPB) times, delayed sternal closure and Risk Adjustment for Congenital Heart Surgery (RACHS-1) Score merged into 3 groups: categories: 1-2, 3-4, and 5-6.
Post-operatively, if patients developed symptoms consistent with a respiratory tract infection, the clinical team would test for respiratory viral infection with the same rapid molecular diagnostic assay as used in the pre-operative phase of the study. Post-operative testing was primarily guided by the CICU team based on clinical suspicion of infection. There are no established clinical criteria for testing post-operative patients for respiratory pathogens.
Outcomes
Study outcomes included post-operative HLOS, CICU LOS, intubation time, presence of respiratory complications and use of oxygen therapy at home discharge. The definition of respiratory complications is a composite outcome that includes: (1) the use of non-invasive ventilation continuous positive airway pressure (CPAP), bi-level positive airway pressure (BIPAP) and/or high flow nasal cannula (HFNC), (2) extubation failure (the need for re-intubation within 48 h after a planned extubation), and (3) the need for pulmonary pharmacology (administration of bronchodilators, mucolytic agents, steroids, inhaled nitric oxide) or bronchoscopy.
Statistical Analysis
Continuous variables were summarized using means and standard deviations (SDs) when distributions were approximately normal and as medians with interquartile ranges (IQRs) otherwise. Categorical variables were summarized as counts and percentages. Continuous data were analyzed using a two-sample t test or an exact Wilcoxon rank sum test depending on distribution skew, while categorical data were evaluated with a Chi-squared or Fisher's exact test. We used McNemar's Chi-squared test to compare the extent of disagreement between the molecular diagnostic assay and study questionnaire. We assessed the accuracy of the study questionnaire for screening patients with viral detections by reporting accuracy, sensitivity, specificity, negative predictive values (NPV) and positive predictive values (PPV). Associated 95% confidence intervals (CIs) using the exact Clopper-Pearson method are provided to illustrate findings in the context of sample size [10] . Statistical significance was defined as p < 0.05 and all tests were two-tailed. Data were analyzed using R v.3.4 [11] .
Results
Sixty-nine infants were enrolled and had demographic data collected during the study period. Eleven of the enrolled patients were excluded, either because of inadequate respiratory samples (n = 4), assay failure (n = 1), or incomplete questionnaires (n = 6). Thus, fifty-eight (58) subjects had complete data collection and were included in the analysis. Overall subject mean age was 167 days, with thirty-six (62%) between 1 and 6 months of age. Twenty-three (40%) patients had at least one additional underlying condition, including prematurity (n = 6), Trisomy 21 (n = 5), heterotaxy (n = 2), laryngomalacia (n = 2), pulmonary hypertension (n = 3), tracheoesophageal fistula (n = 1), diaphragmatic hernia (n = 1), or gastroesophageal reflux disease (n = 3). Of the three patients with pulmonary hypertension, one had Trisomy 21 with unbalanced AVC palliated with pulmonary artery band, while another had a VSD closed using amplatzer device. The final patient with pulmonary hypertension had a non-Trisomy 21 AVC and a history of a congenital diaphragmatic hernia. Thirty-nine (67%) patients had a biventricular surgical repair via median sternotomy with 33 (57%) of the procedures falling within RACHS categories 1-2. The most common defect was a VSD and thus the most common surgical procedure was closure of a VSD. Table 1 compares demographic and clinical features of subjects with positive and negative pre-operative molecular testing. There were no significant differences in baseline demographics between infants with positive vs. negative pre-operative viral respiratory testing with the exception that there was a greater proportion of patients who were on pre-operative oxygen supplementation in the PCR(+) group. This difference was most likely due to a higher percentage of patients with Trisomy 21, single ventricle physiology, and underlying co-morbid conditions in the PCR(+) group.
Seventeen (30%) infants tested positive for a respiratory virus on the day of surgery by molecular methods. Viral detections are shown in Table 2 . 14 (82%) of positive . None of the patients tested were positive for non-viral pathogens. Outcomes of study cohorts are shown in Table 3 . Outcomes for infants who tested positive for a respiratory virus on the day of surgery were similar when compared to those with negative pre-operative testing. Furthermore, there were no statistical differences in clinical outcomes when comparing infants who were pre-operatively tested positive for HRV to infants who were tested positive for other viruses. Additionally, when comparing patients with single virus detection to dual virus detection, post-operative outcomes, including post-operative CICU, and HLOS were similar. However, the length of post-operative intubation time was longer, the incidence of pulmonary complications higher, and the use of oxygen at discharge more frequent in patients with dual detection (Table 3) .
Seven (12%) infants developed respiratory symptoms at an average of 4 days after heart surgery and were clinically tested for infection. Four of these seven patients had positive assays. Three tested positive for HRV (75%) and one tested positive for RSV (25%), with two of the four having the same viral pathogen detected pre-and post-operatively (1 RSV and 1 HRV). Patients with post-operative respiratory symptoms who subsequently tested positive (n = 4) or negative (n = 3) for a viral pathogen had significantly longer HLOS, CICU LOS, and intubation time when compared to those not tested for infection (n = 51). Oxygen therapy at home discharge was common among patients PCR(+) postoperatively (50%) or not tested (39%). However, none of the three patients tested negative post-operatively required home oxygen at discharge as one patient died before discharge and the other two had biventricular repairs with a prolonged length of stay during which the oxygen was weaned off prior to discharge (Table 4) .
Thirty-eight subjects (66%) were considered to have a positive screen for risk of acute respiratory infection using the study questionnaire. Of the 17 infants who tested positive for viruses at the time of surgery, 13 (76%) had a positive questionnaire; while 25 of the 41 infants (61%) who tested negative had a positive questionnaire. Patients who developed symptoms and tested positive for virus (n = 4) had a 75% positive screen. Those who tested negative (n = 3) had a 67% positive questionnaire. Post-surgical outcomes were not different between infants who had a positive questionnaire versus those with a negative questionnaire ( Table 5 ). The study questionnaire had low reliability for identifying molecular testing positive subjects (p < 0.001). The accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were 50% (95% CI 37-63%), 76% (95% CI 50-93%), 39% (95% CI 24-55%), PPV 34% (95% CI 26-42%), and NPV 80% (95% CI 61-91%) respectively.
Discussion
The key finding of our study was that almost a third of otherwise healthy infants deemed fit to undergo low complexity cardiac surgery by standard pre-operative history and physical findings had a respiratory virus detected by molecular testing. Additionally, nearly two-thirds of our study subjects were "positive" by the screening study questionnaire for risk of respiratory infection. However, neither the detection of respiratory viruses by molecular testing nor a positive questionnaire identified asymptomatic infants at risk for poor post-operative outcomes.
The introduction of polymerase chain reaction (PCR) based diagnostic platforms that can detect multiple pathogens in a single sample has increased the positivity rate and decreased the turn-around time for detection of common respiratory pathogens. In contrast to viral detection methods that evaluate cell-killing or viral antigen presentation, molecular assays do not require live organisms for detection. Therefore, while rates of detection are generally higher in symptomatic individuals, these tests are sometimes positive in asymptomatic children [12] . For instance, in one study, nuclear acid testing (NAT) increased pathogen detection from 4 to 42% of hospitalized children without symptomatic respiratory viral infection when compared to conventional testing such as enzyme immunoassay (EIA) and direct fluorescent antibody (DFA) [7] . Thus, while PCR testing is a very sensitive test for the detection of pathogens [13] , positive testing may not identify or predict symptomatic illness.
In the present study, we were unable to demonstrate a difference in post-surgical outcomes in infants with positive pre-operative PCR testing when compared to those who tested negative. This result is most likely due to the highly sensitive nature of multiplex nucleic acid testing, and thus positive testing may not be indicative of clinical infection. This is in contrast to Altman et al. [14] who examined the utility of pre-operative testing utilizing nasopharyngeal EIA for respiratory viruses in children (16 days to 4 years of age) undergoing heart surgery. Twenty-two patients were RSV positive and their surgery was delayed for approximately 2-4 weeks. Retesting prior to delayed surgery was not reported [14] . The authors concluded that peri-operative screening for RSV was useful as it may prevent important post-operative morbidity, mortality and cost related to hospitalization secondary to community acquired RSV infection [14] . An important difference between Altman's study and the present study is the difference in diagnostic testing. The EIA assay detects antigens from actively replicating viruses, whereas PCR testing only requires the presence of viral DNA in the sample. This may explain the difference in outcomes between Altman's study and our own.
Pre-operative testing has also been employed in children before hematopoietic stem cell transplantation. This practice has been advocated for testing on symptomatic patients in order to detect viral infection before transplant, and positive testing has resulted in delay of transplantation when feasible. However, the practice of testing in asymptomatic patients may not be necessary and warrants further study [15, 16] . Similarly, in our study, pre-operative identification of respiratory viruses by rapid molecular testing in the absence of clinical symptoms did not predict increased morbidity or mortality. Correspondingly, patients in the present study who became symptomatic post-operatively whether they tested positive or negative did have a significantly prolonged LOS, intubation time, and more freqeuent respiratory complications. This is consistent with previously published studies in the literature, suggesting that screening should not be routinely employed unless respiratory symptoms are present [3] [4] [5] [6] 14] . Similar to previous studies, HRV was the most common virus detected in our study when multiplex molecular testing is utilized. In 2016 Self et al. investigated the prevalence of respiratory viruses in 832 children with community acquired pneumonia and used 521 asymptomatic children as controls. They identified a virus in 69% of children with pneumonia and 25% of asymptomatic controls. HRV was the most common virus identified in the asymptomatic control group, accounting for over 70% of the viral isolates [17] . Interestingly, this same study also showed that asymptomatic HRV detection declines with increasing age, as HRV was detected in 24% of asymptomatic children less than 2 years of age, while in only 0.8% of adults older than 18 years of age [16] . The presence of HRV (+)PCR test result in otherwise asymptomatic children does not necessarily represent at an "at risk" group of patients. This is especially true in light of the fact that HRV has shown to persist in 50% of children for up to 2 weeks beyond the acute infection [12] . However, unlike HRV, RSV, HMPV, and PIV viruses are considerably more short-lived and rapidly cleared from the respiratory tract after an infection [18] . In a 2014 Swedish study, Influenza, RSV, and HMPV were identified in less than 1% of 209 asymptomatic controls [19] . Thus, unlike HRV, they are rarely detected in asymptomatic children; however, if identified, they almost always progress to clinically evident respiratory disease [17, 18] . With the advent of molecular testing, postponing surgery in PCR(+) HRV infants could result in the inappropriate delay of timely cardiac surgery. Future studies will need to address at what age PCR(+) testing for HRV may in fact predict adverse outcomes. While our study did not show a difference in outcomes for infants with RSV, HMPV, or PIV identified pre-operatively, our numbers were quite small. Further study is needed to determine if detection of these viruses prior to surgery should be considered in the decision-making to proceed with surgery.
It has been theorized that molecular testing may facilitate early detection of respiratory viruses, even prior to the onset of symptoms when virus loads are low. In theory this may have the benefit of viral detection in asymptomatic patients and aid in the prevention of transmission within the hospital. Unfortunately, there are no studies that address the impact of isolation of asymptomatic patients and thus it is not clear that this is an appropriate use of PCR testing [7] . Additionally, isolation has a significant impact on resource utilization by limiting nursing ratios and bed availability and can negatively affect patient care [20] .
Our study used a questionnaire that was felt to be a more comprehensive and uniform tool in identifying infants at risk for respiratory infection than the standard pre-anesthetic screening used at our institution. We found that two-thirds of all patients (66%) in the study had a positive questionnaire.
However, a positive questionnaire did not predict adverse hospital outcomes nor did it correlate with the presence of a virus by PCR testing. In similar fashion to our study, Malviya et al. used a questionnaire to identify children with active URI symptoms presenting for cardiac surgery. Not surprisingly they found children with URIs had a higher incidence of respiratory complications, longer duration of mechanical ventilation and ICU length of stay compared to those without symptoms [21] . It is possible that our questionnaire was too broad, and a more targeted questionnaire would more accurately predict post-operative risk; this may merit further study. In addition, in our study, the use of supplemental oxygen was a frequent practice both preand post-operatively due to the location of the hospital at high altitude. In general, many patients go home on oxygen therapy regardless of cardiac anatomy at least until their first post-operative visit.
The strengths of our study included its prospective design and enrollment during several respiratory seasons. The study is limited by the relatively small number of patients tested in a single center. In addition, infants tested were otherwise healthy, coming from home, and undergoing low complexity cardiac surgery which clearly creates selection bias. The questionnaire was not externally validated. The majority of infants positive for respiratory viruses had HRV, limiting our ability to evaluate the effect of pre-operative detection of viruses such as RSV, Parainfluenza, or HMPV on postoperative outcomes.
Conclusions
Despite a positive molecular testing in a third of infants cleared for cardiac surgery during respiratory season, and a positive study questionnaire in more than half, the postoperative outcomes of this cohort were not worse compared to test negative subjects. Screening for respiratory infection using molecular testing or a risk survey in asymptomatic otherwise healthy infants undergoing lower complexity cardiac surgery appears not to be an effective strategy to identify infants at risk of post-operative complications. Postponement of cardiac surgery based on its detection by PCR testing is not supported by the literature nor the findings of the present study but needs further investigation.
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